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Abstract 
For European urban regional planning, the Impact Assessment tools are used to understand the current situation and 
to explore concerns about the future of the world. This paper presents the results of scenario modelling and relevant 
indicators for urban and regional development. Within Europe, Ireland is experiencing one of the severest recessions. 
It has undergone substantial changes over the past three decades: recession in the 1980s, boom in the 1990s and 
economic collapse at the end of the 2000s [1]. Over these periods there have been substantial land use changes and 
population variation [2]. Particularly, the paper investigates the Greater Dublin Region of Ireland where urban 
development has been intensive and poorly controlled, leading to changes in its spatial configuration and particularly 
the preponderance of a sprawl type pattern of development. These initial results provide also a platform for a 
methodology to be used by the two communities of scientists and stakeholders/policy-makers in the application of 
scenario technique, modeling and indicators approaches towards developing solutions to real world environmental 
and land use management problems. Proposals for its future development and suggestions for further research are 
explored. 
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1. Introduction 
 ‘Landscapes are on the political agenda today’ [3]. In 1986, the Single European Act introduced 
environment considerations for the first time as an integral part of European policy processes. In 1999, the 
Treaty of Amsterdam reinforced the concerns about environment at European level and therefore, in all 
sectorial policies environment protection was integrated [4]. Then, in 2002, the Impact Assessment (IA) 
was introduced by the European Commission (EC) for making policy development more transparent and 
improving the ‘quality’ of European policies [5].   
Assessments of land use changes have initially been accepted only in a qualitative manner as scenarios 
for future land use [6], but now land use change scenarios together with quantitative analysis and spatial 
models are tools which are part of European land use and regional planning policies in the IA.  
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The MOLAND model used for this work is a tool to support decision-making in policy contexts.  It 
was initiated at the Joint Research Centre (JRC) in 1998 as MURBANDY (Monitor Urban Dynamics) 
project, later followed-up by the MOLAND (Monitoring Land Use/Cover Dynamics) project having the 
objective to monitor the development of urban areas and identify trends at the European scale. It is 
directly relevant to several environmental topics at the EU level, supports the initiatives on Environmental 
Impact Assessment and Strategic Environmental Assessment and addresses specifically the issues 
mentioned in the European Spatial Development Perspective (ESDP). MOLAND also contributed to the 
preparation and definition of the Thematic Urban Strategy of the 6th Environmental Action Plan of the 
EU [7]. Currently at JRC it is the main tool for Land Use Modeling Platform project that supports policy 
needs of different services of the Commission, for ex-ante assessments and more specific impact 
assessments (http://moland.jrc.ec.europa.eu). 
Moreover, the efforts to develop indicators in the management and sustainable development of urban 
areas, land use and environment have strongly increased since the beginning of the 1990s led by 
intergovernmental processes ((Organization for Economic, Cooperation and Development (OECD), 
[8][9]), EEA and EUROSTAT, the statistical office of the European Union [10][11][12]. For example, 
EEA developed European common indicators to be used at the local level. Then, within 
MURBANDY/MOLAND projects a number of indicators at the city and regional level were tested 
[13][14].  
The goals of this paper are to analyses alternative future scenarios for regional strategic planning and to 
examine examples of critical indicators for policy evaluation purposes for Greater Dublin Region (GDR) 
of Ireland. The work also tests a case study where scenarios and the functionality of a model (MOLAND, 
in this case study) links the skills and knowledge of scientists and stakeholders/policy-makers in order to 
develop regionally adapted land use storylines and modify/improve the model simulation.  
2. Methodological framework  
2.1. Study area 
As mentioned above the GDR was 
chosen as the study area for this research. It 
consists of Dublin (including the city and 
adjacent areas), Meath, Kildare, Wicklow 
and Louth counties (Fig. 1). During the last 
forty years, Ireland experienced 
unprecedented social, economic and 
demographic change, particularly in the 
1980s, 1990s and 2000s which represent 
key periods of change in the country and in 
Dublin city and surroundings [15][16][2]. 
The economic and population growth in the 
GDR led to a rapid urban growth influenced 
by a number of push factors such as high 
house prices, small size apartments and an 
inadequate transport system combined with 
weak planning which rapidly drove urban 
development outwards into the urban 
fringes of the Dublin Region [17][2]. 
 
 
 
 
Fig.1. The GDR highlighted in the map of Ireland. 
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2.2. Scenario building  
Four scenarios of the GDR regional development were produced by early-stage and senior scientists 
and stakeholders/policy-makers during the summer school and workshop in 2009 at University College 
Dublin (UCD) Urban Institute Ireland, Dublin. This work was stimulated by previous studies on the GDR 
[18][2] and/or Greater Dublin Area (GDA) which is one of the case studies of the MURBANDY project 
of the EC, JRC [19].  
The building of scenarios (‘What If?’) in the context of policy option for regional planning and 
governance turned out to be very appealing and stimulated the discussions more than graphs and text. By 
using five driving forces (population, economic trends, urbanization, transport and overall trends), the 
following qualitative scenarios were developed by the participants: “Business as usual” (BU), “Compact 
development/Environmental friendly” (CD), “Managed dispersed” (MD) and “Recession” (R). We started 
with narratives and then quantified the scenarios by translating them into MOLAND parameters. In the 
two meetings a first ‘draft’ of future land use maps of the GDR in 2026 were created. Additionally, in line 
with the current and future development challenges in Ireland and also based on MOLAND capabilities, 
critical indicators specifically linked to land use, urban growth and sprawl, and urban/regional 
development were discussed. 
Many stakeholders/policy-makers are familiar with scenarios work, but less with spatial modeling. 
Therefore, the scientists and stakeholders/policy-makers worked together not only in building scenarios 
and selecting them, but also in the practical application of the MOLAND model. The idea of this exercise 
was to bridge the two communities in order to collaborate around spatial models and produce future land 
use maps which should have a clear and accepted interpretation, be robust, statistically validated and 
respond to policy interventions.  
2.3. Scenarios 
The BU scenario explores the further development of urban patterns emerging before the economic 
crisis whereas the R scenario focuses on future urban development due to recession, including a recovery 
by 2016. The CD scenario is important in demonstrating less pressure on natural land uses, exploring 
urban growth and urban/regional development in the frame of a strong environmental protection policy. In 
the MD scenario we investigated in more details the growth and sprawl of rural town and villages in open 
countryside particularly along the Dublin-Belfast motorway. The realization of this scenario is greatly 
facilitated by the planning regime which imposes few constraints on the conversion of agricultural areas 
to low-density housing areas [2]. 
2.4. The MOLAND model and data available 
How the MOLAND model works and how the storylines are translated into MOLAND parameters, as 
well as how it was calibrated for GDR are described in several publications such as White et al., [20]; 
Barredo et al, [21][22]; Petrov et al, [23]; Shahumyan et al, [24][25].  Therefore, here we focus on 
presenting data applicable.  
MOLAND takes as input several geo-referenced datasets for the simulation of urban areas and regions: 
 Land use: The land use maps in MOLAND adopt the CORINE land cover classification, with a fourth 
more detailed level of nomenclature added for artificial surfaces [26]. The GDR land use maps of 2000 
and 2006 were produced by ERA-Maptec Ltd as part of the Urban Environment Project (UEP, 2006-
2010, www.uep.ie). Figure 2 represents the land use map of 2006 which was the starting year of our 
scenario simulation. The county boundary and electoral division maps were obtained from Ordnance 
Survey Ireland (OSI) national mapping agency (Permit No. MP009006). 
 Transport: Existing road and rail datasets from the Dublin Transportation Office and the National 
Roads Authority were used in all scenarios. However, each one of the scenarios required different link 
updates derived from the planned network (www.transport21.ie). 
 Suitability: To implement the effects described in each scenario, some modifications were made to the 
suitability maps for residential and industrial classes. The suitability of key towns was kept relatively 
high while in the rural areas it was decreased. Thus, the main differences of the suitability maps are: 
the highly suitable towns in Dublin-Belfast transport corridor for the MD scenario; and a restricted 
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zone (2km buffer along coastline) for future development for CD scenario. For the BU and R scenarios 
a default suitability map was used. 
Fig. 2. Land use map of GDR in 2006. 
 
 Zoning: For the GDR application initially attempts were made to apply direct translation of the 
statutory development plans into zoning maps for MOLAND. This process was however tedious and 
time consuming due to poor data quality, incomplete and inconsistent data and lack of homogeneity 
within counties. As a result, a one-to-one mapping of the zoning maps into the MOLAND could not be 
incorporated. An alternative approach was implemented, whereby zoning maps were developed 
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including special protection and conservation areas as well as national heritage areas. The same zoning 
map was applied for all residential and other urban (activity) land use classes.  
 Socio-Economic Data: At the regional level, MOLAND requires socio-economic data for each of the 
modeled counties. For the simulation starting year 2006 we have used census population and 
employment data provided by the Irish Central Statistics Office (CSO). For population 2026, the 
“M2F1 Traditional” projection was used for BU, CD and MD scenarios, assuming international 
migration declining with constant fertility and a return to the traditional pattern of internal migration 
by 2016; “M0F1 Traditional” projection was used for R scenario and considers zero net migration and 
high fertility [27].  
Job numbers for BU scenario were extrapolated using population and job figures from 2006 and CSO 
population projection of 2026, assuming that distribution of jobs in industry, commerce and services 
will remain the same as it is in 2006, and that the absolute numbers will increase in accordance to 
population growth by 2026. The MD scenario suggests a steady increase of economic growth by 2026. 
For CD scenario, 30% more jobs are projected compared with MD scenario. The employment 
projections for R scenario are based on the Economic and Social Research Institute (ESRI, 
www.esri.ie) where relatively a short recession is followed by a strong recovery [28].  
3. Results  
3.1. Land use change scenario comparison 
Development patterns differ between scenarios not only by urbanization strength but also due to 
different spatial policies (e.g. preserving the land along the coast, policies aiming at compact 
urbanization) and suitability.  
Figure 3 compares the existing urban development in 2006 and 2026 (green), existing in 2006, but not 
in 2026 (blue), and urban areas developed from 2006 to 2026 (red) for the four scenarios. Here, it can 
clearly be observed that County Dublin has significant urban areas by 2006. Data analyses show that the 
urban area of County Dublin has been dominant by 58% in 2006, followed by Kildare (14%), Meath 
(10%), Wicklow (9%) and Louth (8%). It can also be seen that during 2006-2026 period, the highest 
increase of urban areas is in BU (268%) and MD (269%) scenarios in County Meath, followed by 
Wicklow, Kildare and Louth. 
In 2006, the GDR with total area of 780908 ha contains 4.6% residential, 0.7% industrial, 0.2% 
commercial and 0.3% service areas. The differences between scenarios are mainly due to population and 
employment projections, and also environmental policies adopted. As a result, in 2026 the GDR is 
foreseen to have 9.2% residential areas, 1% industrial, 0.4% commercial and 0.4% service areas in BU 
scenario. Then, in MD scenario residential and commercial areas are the same as for the BU scenario 
while industrial and service areas slightly increase to 1.1% and 0.5% respectively. The environmental 
friendly CD scenario comprises 8.5% residential, 1.4% industrial, 0.6% commercial and 0.6% service 
areas. Noteworthy, is the R scenario with 7.6% residential areas, 0.8% industrials, 0.2% commercials and 
0.3% services.  
3.2. Indicators  
In the context of environmental indicators developed by EEA and also based on urban sprawl which 
became a major topic of environmental concern [13], MOLAND outputs can be used to calculate 
indicators for urban and regional development that allows comparisons in Europe and internationally 
[29][7]. Within GDR, the greatest transformations occurred in and around Dublin which was the principal 
beneficiary of the ‘Celtic Tiger’ growth [30][31], therefore, we further take a closer look to County 
Dublin. 
3.2.1. Land use indicator 
The ‘land use transformation versus time’ is an indicator of land use change over a period of time, 
involving comparisons of each cover type for each cell between the start and end of the model run. 
Between 2006 and 2026, the residential areas of County Dublin expand by almost 50% in all scenarios, 
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except in R scenario where it increases only by 32%. Residential continuous areas in County Dublin 
varies from 45% in CD scenario to 21% in R scenario; meanwhile residential sparse areas rise by 150% in 
BU and MD scenarios, 118% in R and 109% in CD scenario. Industrial areas increase by 52% in CD 
scenario and diminish their activity area (abandoned areas) by -12% in R scenario. Similar trends are seen 
for commercial and service areas, increasing significantly in CD scenario (over 60%) and showing the 
lowest increase in R scenario.  
 
Fig. 3. The alternative urban development of GDR for 2026-year. 
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3.2.2. Urban growth indicator 
The ‘urban growth’ indicator as implied by its name, is an inherently dynamic spatial phenomenon. By 
2026, in County Dublin the residential areas represent between 74 and 91% of the urban area. The 
maximum growth of residential areas is in CD scenario. Figure 4 shows that residential sparse growth is 
more than 80% in all scenarios and over 90% in CD and R scenarios. Residential continuous growth is 
about 63% in R scenario and 65% in the other three scenarios.  
 
Fig. 4. Urban growth in the four scenarios of 2026-year for County Dublin 
Calculations show that the loss of heterogeneous agricultural and pasture areas is the highest in County 
Dublin. Table 1 below shows the total natural areas loss within each scenario. 
Table 1. Urban areas in 2026 and loss of natural areas due to urban growth from 2006 to 2026. 
 
Change by Scenarios (%) 
BU CD MD R 
Total Urban areas 86.2 89.2 89.3 51.8 
Loss of total Natural areas -5.6 -5.8 -5.8 -3.4 
Dublin Co. Urban areas 41.8 53.4 45.6 20.8 
Loss of Dublin Co. Natural areas -21.1 -26.9 -23 -10.5 
3.2.3. Urban sprawl indicator  
The ‘urban versus active land uses’ within each scenario analyses the land use structure of the region 
which gives an impression of where the changes are taking place [32]. For County Dublin, the scenarios 
of 2026 highlights that the residential areas are dominant compared to the other classes. For example, 
detailed calculations indicate that residential sparse increase from 8% in 2006 to 30% (in BU scenario), 
28% (in MD scenario) and 17% (in CD scenario) in 2026.  
 
250  Petrov Laura Oana et al. / Procedia Social and Behavioral Sciences 21 (2011) 243–252
4. Discussions and conclusion 
The MOLAND application ensures that all relevant aspects of a scenario (demographic, economic, 
urban growth and sprawl, suitability and zoning policy) are integrated into a consistent framework. The 
approach of using MOLAND in this work is not only to analyses land use dynamics and design scenario 
development, but also to explore further the capabilities of this tool. In this larger context, using the 
outputs of MOLAND we additionally compiled indicators to provide stakeholders/policy-makers with 
information in the form of indicators to allow them to view and compare the results with different 
regions.  
The results of ‘land use’ indicator show that in the CD scenario of County Dublin, industrial, 
commercial and service activities are the highest. But what it is notably in CD scenario are the residential 
sparse areas which rise three times more than continuous. 
Figures 3 shows that total urban area had expanded largely in Dublin city and county before 2006 and 
the ‘urban growth’ indicator suggests still a dramatic increase of urban area in County Dublin in the three 
(BU, CD and MD) scenarios, reaching maximum in CD scenario (Fig.4). Nevertheless, the results of the 
CD scenario suggest that restricting the future development within 2 km buffer from coastline will help to 
protect sensitive zones even in face of increasing development.  
Urban sprawl is expressed mainly through strong growth of sparse/discontinuous residential areas 
[18]. Kasanko et al [14] show that the city of Dublin has the highest rate of discontinuous residential areas 
among the fifteen European cities studied. Further, this work shows that the greatest urban sprawl occurs 
in BU scenario, followed closely by MD scenario, being almost four times more than in 2006.  
Concerning the loss of natural areas, between 2006 and 2026, the heterogeneous agricultural (in BU, 
CD and MD scenarios) and pasture (in R scenario) areas are mostly transformed into urban areas in 
County Dublin. And, as table 1 indicates, the total loss of natural areas are minimum in R scenario.  
To conclude, the overall urban areas have grown considerably in all four active land uses. By 2026 
urban development pressures, particularly caused by residential development will continue be 
experienced in County Dublin. Concerning the growth of economic activities, they follow the trends 
expected, achieving the maximum activity in CD scenario and the lowest in R scenario. Regarding the 
other counties of GDR: County Meath should be guarded by stakeholders/policy-makers regarding 
residential sparse while County Wicklow for the residential continuous. Industrial area reaches a 
maximum in County Kildare, commercials in County Louth and services in County Meath. 
More indicators could be employed, but we opted in this research to employ the key indicators that 
captured key aspects of GDR ‘condition’, particularly County Dublin. The indicators chosen are both 
critical in their impact and are easily communicated to stakeholders/policy-makers and public.  
Finally, we analyzed the alternative future scenarios together with the several indicators to show the 
kind of information thtat can be produced in order to evaluate more efficiently the effects of alternative 
urbanization patterns of a region. As shown by the results, the focus is not to analyses in depth every 
nuance of each scenario and indicator, but to give an insight into how such an approach and collaboration 
can support stakeholders/policy-makers to reduce the impact of new developments and implicitly achieve 
a better environment. Such strategy can link scientists and stakeholders/policy-makers to work together 
not only in the phase of building qualitative scenarios, but also in practical application of spatial 
modeling. They can share experiences and learn from one another which may lead to more effective 
mitigation options for a sustainable urban/regional land use planning. The approach can be further 
improved and be beneficial to many regions in Europe and worldwide.  
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